IntroductIon Infectious skin lesions are a common complication in renal transplant patients receiving immunosuppressive therapy.
IntroductIon Chronic kidney disease (CKD) is a worldwide underdiagnosed health problem with increasing incidence and prevalence that worsens the prognosis mainly because of an elevated risk of cardiovascular events and mortality.
1 Although kidney transplantation is the best treatment option for patients with end-stage CKD, organ recipients suffer from numerous clinical problems. 2, 3 The prolonged use of immunosuppressive drugs predisposes graft recipients to infectious diseases and virus-related malignancies. 4 Transplant recipients experience a nearly 2-fold elevated risk for all types of de novo cancers, while oncogenic virus infections increased the risk of cancer up to 100-fold. 4, 5 There is some evidence that seborrheic warts and verrucokeratotic cutaneous lesions are strongly associated with the risk of squamous cell carcinoma, while verruce vulgaris and flat warts are not. 6, 7 Viral skin infections are the most common complications that decrease the quality of life in organ recipients. 8 The therapeutic management of infections in patients treated with immunosuppressive drugs is usually disappointing.
8-10
The used immunosuppressive drugs block the most important stage in antiviral defense, which is a cytotoxic T-lymphocyte HLA-dependent response. This favors the reactivation of latent infections, the development of new, enhanced virus replication and promotes generalization of the infection.
orIGInAL ArtIcLE
Cutaneous viral infections in patients after kidney transplantation: risk factors immediately if any of new skin lesions appeared and were followed for the next 5 years. For statistical analysis, the confirmed data from anamnesis and obtained during the evaluation period were used. statistical analysis The analysis reported nominal variables indicating the number of patients in the subgroup and the percentage of the relevant group of patients. Frequency tables were analyzed using the χ 2 independence, and in the case of a small number of subgroups (expected number <5), the Fisher's exact test was used.
The χ 2 test was used as a reapeated measure test. Normality of distribution of continuous variables were analyzed using the Shapiro-Wilk test. The variables with normal distribution given the mean ± standard deviation (SD), while for the distributed variables different from the normal median (lower-upper quartile). Differences between the groups were tested by the analysis of variance (3 groups) or Student's t test (2 groups) for normally distributed variables and the MannWhitney test (2 groups) in the case of distributed variables different from normal.
To study the effect of various factors on the occurrence of diseases in patients after kidney transplantation, a multivariate logistic regression was used. The analysis included those variables that showed a significant association with the occurrence of the disease (in the test of independence the χ 2 test, Mann-Whitney or Student's t test), in addition to the described logistic regression models (with a few exceptions, as described in the Results section) entered age, sex, and the time of a kidney transplant since baseline. The results of the logistic regression were shown as odds ratios given for the change of the unit for a variable in the multivariate model with 95% confidence interval.
For the analysis of trends (the relationship of skin disease from the period after kidney transplantation), Kendall's Tau correlation coefficient was used.
Two-sided tests were used. The results were considered statistically significant at P <0.05. A statistical analysis was performed using the Statistica 9.0 software (StatSoft), part of the graph is made using SigmaPlot 8.0 (SPSS inc.).
rEsuLts All infectious skin lesions were present in 262 subjects (53.9%). Infectious skin lesions of viral origin were diagnosed in 189 of the 486 studied patients (38.9%). The most frequent lesions were viral warts (38.5%). The mean time from transplantation to the onset of viral infectious skin lesions was 56 months ( The median time from kidney transplantation to dermatological evaluation finding or no Cutaneous viral infections are the most common lesions observed in patients after transplantation and they usually result from reactivation of previous infection.
The aim of the study was to assess the type of infectious skin lesions of viral etiology and the factors contributing to their occurrence in patients after kidney transplantation.
PAtIEnts And mEthods
The study included 486 patients, 296 men (60.9%), and 190 women (39.1%) aged 46.0 ±13.1 years (range, 18-74 years) who underwent kidney transplantation from deceased donors in Kraków and other centers in Poland and who remained under the supervision of an outpatient clinic for transplant patients at the Department of Nephrology, University Hospital. In the analyzed group, 480 patients received the first graft and 6 had the second graft.
The most common cause of renal failure in this group was chronic glomerulonephritis.
A total of the 392 evaluable patients (80.7%) were treated before transplantation by hemodialysis and 78 patients (16.0%) by peritoneal dialysis (data unavailable in 16 patients).
The most commonly used immunosuppression regimen was a combination of cyclosporine A (CyA) with mycophenolate mofetil (MMF) and steroids -207 patients (42.5%), tacrolimus (TAC) with MMF and steroids -102 (20.9%) and CyA with azathioprine (AZA) and steroids -53 patients (10.9%). The mean daily doses of CyA were 5 mg/kg body weight (b.w.), TAC 0.2 mg/kg b.w., MMF 30 mg/kg b.w., and AZA 2 mg/kg b.w. in the first month after transplantation and 3.2 mg/kg b.w., 0.07 mg/kg b.w., 18 mg/kg b.w., and 1.5 mg/kg b.w., respectively, 6 months after the procedure. The doses of CyA and TAC were adjusted based on their whole blood concentrations.
Acute rejection occurred in 85 of the patients (17.5%). In 75 patients of this group (88.2%) as a treatment of this acute rejection, corticosteroid pulses (Solumedrol) were solely used while in 6 patients (7.1%) additionally Muromonab-CD3 (trade name, Orthoclone OKT3) was administered and in 4 anti-thymocyte globulin (ATG) (4.7%) was used.
Patients were informed about the objective of the study and methods of examination, and written informed consent was obtained.
The study was approved by the Bioethics Committee of the Jagiellonian University (No. KBET/100/B/2006).
The mean time from transplant to the first dermatological evaluation was 54.7 ±48.8 months (median 42.5, range 0-298 months).
During the first dermatological evaluation, the whole patient skin was carefully checked for all abnormalities. Dates of birth, transplantation, data about sun exposure, type of immunosuppression therapy, and all complications after the procedure were collected. Viral skin infections were diagnosed based on the clinical examination. Patients were instructed to visit a dermatologist infective viral skin lesions was 53 months, and 37 months, respectively; P = 0.021). Analyzing the time from transplantation to the dermatological examination viral warts were diagnosed earlier than herpes zoster. Moreover, viral warts on the hands appeared earlier than those on the feet (tAbLE 4).
In the group of postkidney transplant patients, viral skin lesions were present in 43.2% of men and 32.1% of women (P <0.014). The most frequently reported infectious viral lesions were warts: 42.6% of men and 32.1% of women (P = 0.021). The warts were mainly localized on the hands (77%; 144/187), feet (4.3%; 16/187), or in other site (face, neck, limbs) (3.7%, 9/187); 15% of the patients had viral warts in more than 1 site (hands and feet, 8.6%; hands and other, 4.8%; 3 and more sites 1.6%). In 2 men (0.7%), herpes zoster was diagnosed (tAbLE 5) .
The highest number of viral warts was found in the group of patients aged less than 1 year, and more than 10 years after kidney transplantation, 51.9% and 51.7% of the patients, respectively, while between 1-5 and 5-10 years after transplantation, they appeared in 34.3% and 33.7% (tAbLE 6).
Analyzing the effect of the immunosuppressive regimen on the occurrence of warts (test of independence, χ 2 test), we demonstrated that (present or past) treatment with CyA (P = 0.001) and the current (P = 0.001) or past (P <0.0001) AZA were significant factors affecting the occurrence of viral warts. Significantly less frequently, those lesions were observed in patients treated with Data are presented as median (lower-upper quartile), given the actual data when the change occurred in less than 3 patients orIGInAL ArtIcLE Cutaneous viral infections in patients after kidney transplantation: risk factors viral lesions of human leukocyte antigen compatibility (P = 0.4), the ABO blood group and Rh factor (P = 0.9), the cause of renal failure (P = 0.3), and the type of treatment (HD or DO) in the past (P = 0.9).
dIscussIon In kidney transplant patients, the most frequent skin lesions are of viral origin (38.9%) followed by fungal (25.9%) and bacterial (1.2%), which represent 57.4%, 41.0%, and 1.6%, respectively, of all infectious skin complications. 12 The available literature data provides evidence that infectious skin lesions of viral etiology are the most commonly observed skin complications in patients after organ transplantation. 13, 14 In our study, they occurred in 189 patients (38.9%), of which 187 had viral warts, and 2 had herpes zoster. Also in other studies, 14, 15 viral warts accounted for the majority of virus detected changes. The available literature indicates that the incidence of viral warts is varied from 11% to 53% of the population of patients after transplantation. 16, 17 In our study, its appearance was observed in 38.5% of the patients, which is similar to the results obtained by Ramsay et al. (42%). 17 We observed a correlation between the age of the patients after kidney transplantation, and the presence of viral warts on the feet (patients with warts were much older), and the same observation was made by Pruvost et al. 18 The number of warts increases with the duration of immunosuppressive therapy, which is consistent with the observations of other authors. 14, 18 In the first year after transplantation, this problem affects 11% to 50% of the patients, while after 5 years of the use of immunosuppression it increases up to 95% of organ recipients.
19,20 These changes are caused by the human papilloma virus (HPV), of which the most MMF at present (P = 0.004) or in the past (P = 0.0002) and TAC (P = 0.0001) (tAbLE 7).
A multivariate logistic regression analysis (including the type of drug used in addition to data such as patient age, sex, time since transplantation, the occurrence of warts before transplantation) showed that only male sex and AZA treatment significantly affected the higher incidence of viral warts, P <0.031 and P <0.007, respectively (tAbLE 8) .
The study using a multivariate logistic regression analysis showed that the time of immunosuppressive treatment is not a statistically significant factor associated with the presence of viral lesions in patients after transplantation (P = 0.4). It has also been shown that the presence of viral warts prior to transplantation tended to predispose to their appearance after transplantation (P = 0.099).
In patients after kidney transplantation, there was no effect on the occurrence of skin Given the number of patients who experienced changes and interest groups of men or women. 44.5%) ↓ a differences in the incidence of disease among those treated vs. untreated with drug was assessed using the χ 2 independence (df = 1); the table shows the level of significance (P), and the proportion of patients who developed the disease in the treated vs. the untreated drug Abbreviations: ↑ -symbol indicates a higher incidence of the disease in patients treated with the drug; ↓ -symbol indicates a lower incidence of the disease in patients treated with the drug immunosuppressive therapy, there is a reactivation of pre-existing infections. The available literature indicates quite frequent episodes of recurrent warts and cases of progression to dysplastic lesions and squamous cell carcinoma. 20, 22, 23 The effect of immunosuppressive drugs on the appearance of skin lesions and the character of warts in patients after transplantation has been the subject of few studies so far. In our study, we have shown that the type of immunosuppressive therapy in the form of "ever or currently used" AZA, and "presently" CyA significantly increased the risk of viral warts. A study by Barba et al. 13 also confirms the promotive effect of AZA, viral warts were in fact more likely in patients treated with prednisolone and AZA, CyA with AZA, and prednisolone than in the group receiving CyA and prednisolone. Other researchers have also observed a much higher incidence of viral warts in patients treated with the immunosuppression regimen containing AZA. 14, 25 It has been found that the time of use rather than the dose affected the presence of warts. 25 The incidence of viral skin lesions increases with the time post-transplantation, despite the fact that the doses of AZA are normally lower than those used in the initial phase after transplantation.
Provost et al. 18 noted that patients who after 3 years posttransplantation received less intensive immunosuppression had no viral warts. Effects of a dose may confirm the findings of Barba et al., 13 according to which the risk of warts was significantly higher with increasing doses of immunosuppressive drugs. While analyzing the results, it should be remembered that for many years, AZA and prednisolone were the main drugs used to prevent rejection of transplanted organs. In our study, the most of kidney transplant patients above 10 years used AZA, which was successfully switched to MMF registered since 1995 for adult patients. Similar changes were observed for calcineurin inhibitors were the percentage of patients receiving CyA steadily decreased while those on TAC increased. Both tendencies cause that patients over 10 years after kidney transplantation were mostly treated with CyA + AZA + steroids, while those below commonly isolated HPV types are 1, 2, 3, and 4. The location and appearance of morphological abnormalities usually are no different from that found in patients with normal immunity. 20, 21 In transplant patients, more frequently multiple lesions, episodes of relapse, 20 or progression to dysplastic lesions and cancer were observed. 22, 23 Spontaneous regression of warts has been rarely observed. 10 Ramsay et al. 17 found viral warts in 44.3% of the patients 5 years after transplantation, 52.3% of the patients 5-10 years postsurgery, and in 56.9% of the patients over 10 years after transplantation. Similar results were obtained by Pruvost et al., 18 who at the time of transplantation reported warts in 16% of the patients while 1 year after surgery in 23% of the patients, and after 3, 5, and 7 years after transplantation, 35%, 45%, 54%, respectively. Seckin et al. 14 found viral warts, in as many as 42% of the patients within the first year after kidney transplantation, while Dreno 24 observed its presence in 85% of the patients 5 years after the procedure. In their study, as in other reports, warts were located primarily in the areas exposed to the sun, especially on the hands, were related to sex and occurred more frequently in men (42.6% of men vs. 32.1% of women). 13, 21, 25 In our study, the mean time after kidney transplantation to warts appearance was 56 months. The highest number of viral warts was found in the group of patients less than 1 year, and more than 10 years after the transplantation procedure. It may indicate that stronger immunosuppression at the beginning or longer immunosupressive treatment promote the appearance of warts. We observed as few as 9 patient with recurrent warts after kidney transplantation (1.8% of the group). There was no malignant transformation of warts, and also we did not show, the association between the presence of multiple cutaneous warts (>10), and the risk of skin cancer as described by Ramsay et al. 17 The presence of viral warts on the hands before transplantation predisposed to their appearance after transplantation. This observation may confirm earlier reports indicating that, in cases of viral diseases under the influence of implemented Given the odds ratios and P for each explanatory variable in the multivariate logistic regression analysis, the number of visits as a covariate (P for the model <0.0001).
5 years since transplantation usually received TAC + MMF + steroids. Such treatment policy may have also affected the incidence of warts. The effect of CyA on the incidence of viral warts was also confirmed by other studies. 13 In our study, as in the available literature, there was no effect of HLA mismatch on viral diseases. 13 There was also no effect of the cause of chronic kidney disease and type of dialysis on the occurrence of viral skin changes.
To summarize, we may conclude that the incidence of infectious skin warts in patients after kidney transplantation was dependent on immunosuppression. Analyzing the effect of the type of immunosuppressive therapy on the occurrence of infectious skin lesions, we showed that taking AZA and CyA predisposes to the occurrence of viral warts. A similar relationship between the use of AZA 14, 25 and CyA 13 and the occurrence of cutaneous warts have also been reported by other researchers.
In conclusion, the incidence of infectious skin lesions of viral etiology in patients after kidney transplantation is affected by increasing age, male sex, and the length of immunosuppressive therapy. Treatment with CyA and AZA promotes the development of viral warts.
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